The primary objective of this paper is to describe how site selection effects can influence the safety effectiveness of treatments. More specifically, the goal is to quantify the bias for the safety effectiveness of a treatment as a function of different entry criteria as well as other factors associated with crash data, and propose a new method to minimize this bias when a control group is not available. The study objective was accomplished using simulated data. The proposed method documented in this paper was compared to the four most common types of before-after studies: the Naïve, using a control group (CG), the empirical Bayes (EB) method based on the method of moment (EB MM ), and the EB method based on a control group (EB CG ). Five scenarios were examined: a direct comparison of the methods, different dispersion parameter values of the Negative Binomial model, different sample sizes, different values of the index of safety effectiveness (Â), and different levels of uncertainty associated with the index. Based on the simulated scenarios (also supported theoretically), the study results showed that higher entry criteria, larger values of the safety effectiveness, and smaller dispersion parameter values will cause a larger selection bias. Furthermore, among all methods evaluated, the Naïve and the EB MM methods are both significantly affected by the selection bias. Using a control group, or the EB CG , can mutually eliminate the site selection bias, as long as the characteristics of the control group (truncated data for the CG method or the non-truncated sample population for the EB CG method) are exactly the same as for the treatment group. In practice, finding datasets for the control group with the exact same characteristics as for the treatment group may not always be feasible. To overcome this problem, the method proposed in this study can be used to adjust the Naïve estimator of the index of safety effectiveness, even when the mean and dispersion parameter are not properly estimated.
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Introduction
Evaluating the effects of an intervention or a countermeasure on the number and severity of crashes is a very important topic in highway safety. In fact, this topic has been researched thoroughly over the last 30 years (Hauer, 1980a (Hauer, ,b, 1997 Abbess et al., 1981; Hauer et al., 1983; Danielsson, 1986; Wright et al., 1988; Davis, 2000; Miranda-Moreno et al., 2009; Maher and Mountain, 2009; Rock, 1995; Hamed et al., 1999) , where researchers have developed and applied various methods to minimize known biases associated with crash data. Developing precise and reliable methods to evaluate countermeasure effectiveness is crucial, since erroneously measuring the safety effects could have important consequences both in terms of lives saved and wasted funds. Over the years, we have seen a variety of methods that have been proposed for evaluating safety interventions. They include the Naïve before-after study, the before-after study with control group, the before-after study using the empirical Bayes (EB) method, and more recently the before-after study using the full Bayes approach (Hauer and Persaud, 1984; Hauer, 1997; Persaud and Lyon, 2007; Li et al., 2008; Park et al., 2010) . As an alternative to the before-after study, some people have suggested using a cross-sectional study (usually via a regression model) (Tarko et al., 1998; Noland, 2003) . However, the former methods are still considered the most appropriate methodology by most researchers, since it can directly account for changes that occurred at the sites investigated (Hauer, 1997) .
One of the most important biases that have been documented in the literature which negatively influence the evaluation of treatments is the regression-to-the-mean (RTM). The RTM dictates that when observations characterized by very high (or low) values in a given time period and for a specific site (or several sites) (N before ), it is anticipated that observations occurring in a subsequent time period (N after ), are more likely to regress towards the long-term mean of a site (N) (Hauer and Persaud, 1983 ) (see Fig. 1 ). Not including it could over-estimate the effects of the treatment (see, e.g.,
